txoj cai Hmoob coj yog ib txoj cai zoo rau ntawm kev pov hwm hav zoov hav tsuag rau qhov hav zoov niaj hnub no raug luaj ntov nyob rau xeev Luang prabang, los Tsuas Teb.
Introduction
Land use change from forests to agriculture and industry are the leading cause of deforestation in the tropics and sub-tropics, which contain more than half of the world's forests (FAO 2011) . The causes for the high rates of deforestation in the Lao People's Democratic Republic (hereinafter "Laos") are varied and the subject of some debate. Logging has been officially banned since the early 1990s (except in National Production Forest under approved management plans, for reservoir clearance, or for a variety of "special quotas") but still plays a major role in deforestation, in conjunction with pressure from immigration (Thapa 1998) . Pioneer shifting agriculture has also recently been banned, but this may lead to more permanent agriculture and greater losses of biodiversity (Fox 2000) .
Mechanisms for the in situ conservation of plants in Laos are needed (Castella et al. 2013) . In situ conservation is the preferred mechanism for maintaining biodiversity (Tuxill & Nabhan 2001) . Through in situ conservation, target species are preserved, along with all associated species. Moreover, in situ conservation can be a by-product of wild collection (c.f. Whitney et al. 2012) , especially when a proper evaluation of the ecosystem (Kacálek et al. 2009) and cultural practices (Melloni et al. 2008 ) is considered. Furthermore, as lands are converted from wild to humanoriented use the loss of biodiversity is high, even in agricultural systems with higher biodiversity, e.g., agroforestry and organic farming (Steffan-Dewenter et al. 2007) . Traditional shifting cultivation, on the other hand, is often augmented by wild collection as well as haphazard polycultivation agroforestry and forest gardens, which have both economic and ecological benefits (Roder et al. 1995) . In Luang Prabang Province these practices are considered key assets for ecological and community resilience. They help maintain diversity in both landscapes and livelihood systems (Castella et al. 2011) . Forests in Sangthong District, for example, remained virtually undisturbed until the early 1970s while being used sustainably for food, fodder, fuel-wood, and construction materials. Local people often appreciate local resources and have sustainable forest management systems (Thapa 1998) .
To help identify endogenous, small-scale solutions to these problems, the current research took a broad look at the relationship between ethnic communities and high biodiversity agricultural and wild collection systems (c.f. Sheil et al. 2006) . Through participatory research following theoretical approaches of human ecology, agroecology, and ethnobotany, it looked systematically at the cultural importance of local plant species and indications of their conservation status through biodiversity indices and interviews, with a particular view to the role of traditional practices, cultural management, and customary laws in species conservation. The overall premise was that the indigenous people have clear conservation practices, and that if other parties recognized this they will endeavor to empower, support, and learn from them. In the context of this research the term indigenous refers to the Hmong in Laos, as the mountainous areas in which they live were previously unoccupied and outside the control of any state. The cultural conservation practices discussed here most likely originated in situ, influenced by cultural and spiritual factors inherited from previous generations as far back as those in China.
It was hypothesized that the Hmong herbalists of Long Lan village would be holders of traditional knowledge about conservation practices for plants, that by following the methods of ethnobotany we could learn from practicing herbalists about the livelihood and spiritual and cultural significance of plants and also about related conservation practices. The research followed this hypothesis with the broad aim of assessing local plant use and land use, as well as learning the nature and causes of any pressures on biodiversity or cultural practices. In light of need for research that (1) explores interactive systems to identify problematic issues and (2) works together with communities to look for suitable solutions (c.f. Altieri 1989 , Sheil et al. 2006 , the research was also guided by openended questions about why events occur rather than confined to possibilities prescribed by any single or simple agenda or theory (c.f. Hastrup & Walters 2012 ) under the guiding premise that an adequate understanding of contemporary social-environmental problems can be gained only if they are seen as part of "a complex of interacting causes and effects" (Vayda 1983 ).
Botanical resources
The flora of Laos is one of the least known in Asia to modern science. However, extensive botanical books of the Ancient Laos Buddhists are written in Pali but remain without translation (P.T. Phongsavath 2012, pers. comm. The majority of the information that can be found on the use of wild species from the region is in research related to Non-Timber Forest Products (NTFPs) and Non-Wood Forest Products (NWFPs), which are considered to be among the country's most important export commodities (Greijmans & Sāt 2007 , Ketphanh 1995 .
Work is available which describes the ethnobotanical knowledge of the Hmong people in the U.S.A. (Corlett et al. 2003) and in Thailand (e.g., Anderson 1986 , 1993 , Lemoine & Vidal 1970 , Pake 1987 , Srithi et al. 2012a , 2012b . Pha Tad Ke currently has a small living ethnobotany collection that was expanded through the current investigation. However, a clear description of the ethnobotany and ethnoecological knowledge of Long Lan does not currently exist in writing. These knowledge systems are now seriously threatened by greater market integration, new cash cropping patterns, loss of land to large-scale agriculture, outmigration, and increasing pressure for integration to mainstream culture. Having a full descriptive list of species and their utilization would be a great benefit to future research and conservation practices. This work contributes to that long-term goal of the herbalist networks and wild collectors of the region. (Figure 1 ), an upland area comprising 8440 ha from 1000-1600 masl. There are 5035 ha of forested land accounting for 59.7% of the natural area, 47 ha of which have been designated as a protected "herbal forest." These forests include rare flora and fauna that directly affect the livelihoods and survival of the ethnic groups in the watershed. The local water source is the Long Vai stream, which flows from these highlands into the Mekong to the northwest, and the Nam Pa stream to the south; these are the headwaters of the Phu Soung watershed area. Local rules and customary laws in this mountainous region are aimed at maintaining clean water and protecting the remaining forests to conserve biodiversity.
Materials and Methods

Luang Prabang
The study site for this investigation is Long Lan, a White Hmong village, located at the center of Phu Soung (Figure 1) , 700-800 masl. It is a collective village of 7 Hmong clans (Zang = 47.6 %; Ly = 34.6%; Ho = 6.5%; Mua = 4.9%; Tho = 3.2%; Song = 1.6%; Vang = 1.6%) who had moved downslope from the surrounding mountaintops in 1977 to live in the relatively lower elevation of Long Lan, a previous Khmu village whose inhabitants had moved further down into the lowlands after the Civil War, near the start of the official rule of the Lao People's Revolutionary Party (LPRP). Long Lan has since been growing and now has around 67 households and just over 500 inhabitants. The community experiences a lot of political, social, and market pressures from the surrounding ethnic groups in the Phu Soung area, from Luang Prabang Town, and from Chinese merchants and Hmong abroad.
Long Lan is considered to be an economically poor village by the Laos government, with many households receiving government support. Informal investigations suggest that average income is increasing but is still well below the Luang Prabang average. The main sources of income are vegetable production and cattle raising for the Luang Prabang markets. 
Approach
Ethnobotanical research often broaches on bioprospecting and biopiracy, and this is a point of serious ethical consideration (Brush 2007 , Murray et al. 1991 . Therefore, in the current investigation, cautionary steps in the form of community registries to control the access to plant knowledge (c.f. Downes & Laird 1999) and "defensive publishing" (c.f. Mgbeoji 2001) were used. Descriptions of plant resources have been explicitly placed in the public domain with full community support and authorship (SPERI 2013).
The present investigation was a collaborative exercise between SPERI researchers and the Hmong people of Long Lan village aimed at producing outcomes directly relevant to the conservation of both biodiversity and the traditional conservation practices of the Long Lan community, empowering them in communicating their role in forest conservation through the practice of small-scale solutions in sustainable resource management. All the methods involved in this approach and data collection followed long-standing practices of SPERI and MECO-ECOTRA, and were designed to allow the herbalists and villagers to have full voice in the research process and ownership of the final product (SPERI 2013).
At the start of this investigation, before any actual fieldwork in Long Lan, several preliminary meetings were held over the course of two weeks in Luang Prabang between researchers and representatives of MECO-ECOTRA and the Hmong community. This series of meetings covered several issues including how the research could benefit the plans of the Hmong Association and others in the setting up of a Farmer Field School at Long Lan for the transfer of indigenous knowledge from the elders to the younger generation. It was agreed with elders, villagers, and local authorities that the research would gather information about herbal medicine knowledge, handicraft knowledge, and wild local species used in eco-farming.
Upon arrival in the village of Long Lan two more large meetings took place, one with the village elders and another with the whole community. The last ended with a few critical decisions for the research. The community decided that the research should culminate in a book of knowledge for transferring endangered herbal knowledge to the next generation (SPERI 2013). The community also assigned 14 herbalists to teach and work with the research team along with two youth scribes to follow the team and record all information in the Hmong language.
The resulting investigation represents a collaborative consideration of the ethnobotany and conservation status of plants and the varied aspects of the wild collection activities, from collection through to consumption, accounting for associated human and ecosystem interactions. Through the participatory approach the local community was able to offer consensus-based ideas about what plants were being used and what they were being used for, opening the way to other methods such as "observation" and the "principle of pursuing the surprising" (Vayda 1983) . It allowed for the exploration and analysis of connections between human actions and environmental changes in location-and time-specific contexts (c.f. Hastrup & Walters 2012) and looked beyond the "the packet of conscious, pre-conscious, and unconscious assumptions" (Vayda 1983 ) to avoid starting with preconceived judgments, theories, or biases and restrictive questions based on factors, privileged in advance by the investigator (c.f. Hastrup & Walters 2012 , Vayda & Walters 1999 , Walters 2008 , 2012 . At the same time this research was mindful of related previous studies and followed the methodologies and experimental design of ethnobotany to generate robust scientific data (Albuquerque & Hanazaki 2009 , Belovsky et al. 2004 ).
Data collection
Data collection took place in the month of September 2012 and in January and February of 2013. Fourteen Hmong herbalists (2 female and 12 male between the ages of 24 and 65) were interviewed. The work also included a considerable preliminary phase of meetings with local elders and community leaders, followed by field-work, including observations in the field, visits to wild collection areas, and informal meetings with herbalist leaders as well as individual questions for herbalists and wild collectors. Ethnobotany methods such as in-depth interviews, participant observation (Kremen et al. 1998 , Prance et al. 1987 , Reyes-Garcia et al. 2006 , walk-in-the-woods (Phillips & Gentry 1993a , 1993b , semi-structured questionnaires, and focus groups (Quinlan 2005) were all employed in the data collection. Selected herbalists led the research team around the forests of Long Lan. Hmong author Mr. Vang Sin Min led the fieldwork with other authors serving as technical support (e.g., herbarium collections, recording, translation, photography, mapping). Data collection was intended to function as an introductory investigation into the use and conservation of native species, to support herbalist and wild collectors in Long Lan. It sought to support and utilize contacts and collaboration within ME-CO-ECOTRA and CHESH-Laos. The research set out to learn all the possible details about the use and harvest of regional plants including cultural, spiritual, and conservation practices.
The selection and assignment of herbalists for the investigation constituted a purposive sampling of those villagers with the deepest knowledge and most uses for local plants; it was the best possible means of learning the Hmong uses and conservation practices for species. The social context of plant use in Hmong society is such that a specific herbalist has deep knowledge of very specific kinds of plants rather than having common knowledge of plants. The community recognizes the division of ethnobotany knowledge and goes to specific healers for specific treatment (e.g., Pake 1987 , Srithi et al. 2012a . With selected knowledgeable herbalists as guides and teachers for the investigation, the work went much deeper into the knowledge and resource use practices than could otherwise be hoped.
This investigation took a broad look at the relationship of Hmong herbalists and local ecosystems through the field methods described above and subsequent analysis of that gathered data using quantitative ethnobotany (e.g., Phillips & Gentry 1993a , 1993b , Prance et al. 1987 and cultural importance indicators (Tardio & Pardo-de-Santayana 2008) . Use categories were determined, in part with the respondents, after the initial review of the study area to offer insights about the level of importance and the level of use, a crucial step (Hoffman & Gallaher 2007 ) that reflects the variety of ways in which knowledge is expressed (e.g., cookbooks, stories, legends, folklore, rituals, songs, cultural rules, and laws).
Field guides were used for plant identification; cited species were counted and recorded with local and scientific names as well as ecological and agronomic conditions and morphological characteristics. These were collected in a field press and later verified at Pha Tad 
Data analysis
It is important that methods and experimental design replicate studies that have already been performed to identify similarities and differences in the use of native species (e.g., Albuquerque et al. 2006 , Belovsky et al. 2004 . Therefore, the "use values" indices developed by Prance et al. (Prance et al. 1987) and further developed by Phillips and Gentry (Phillips & Gentry 1993a , 1993b form the foundation of the quantitative ethnobotany methods employed in this investigation, which also include the cultural importance index (CI) (Tardio & Pardo-de-Santayana 2008) , the frequency of citation (FC), and number of uses per species (NU).
Designing appropriate use categories is important to any ethnobotany study (Hoffman & Gallaher 2007) . Ethnobotanical knowledge was expressed in many different ways in Long Lan: e.g., medicine, food, spiritual practices, stories, legends, folklore, rituals, and customary laws. Therefore, making indices that fit well to the community involved creating use report categories based on the basic questions that were asked and the diversity of answers that were received.
The "use report" (UR), which occurs when a species is mentioned or observed being used for a certain defined use-category (Kufer et al. 2005 , Tardio & Pardo-de-Santayana 2008 , was a central calculation in the data analysis. The total UR per species is the sum of all the times that individual respondents named the species for a specific use category and the sum of all those categories. The maximum value of UR per species is the total number of people (N) times the total number of use categories (NC). For this study UR represents the active and current use of a species for these Hmong herbalists.
The maximum possible number of use reports (UR) per species for this survey is 154 (respondents (N = 14) multiplied by use categories (NC = 11)). Frequency of Citation (FC) represents the total number of people who mention the use of the species. The maximum value for FC equals the number of respondents (N = 14). Number of uses per species (NU) is the total number of different use categories in which an individual species was mentioned. The maximum value for NU equals the number of use categories (NC = 11). The interviews also gathered count data based on information from the herbalists shared in the interviews regarding conservation practices for plants. This variable is shown in the results presented here as "Cons."
These quantitative ethnobotany values can also be used to find an index for the cultural significance of the species in the study area. The cultural importance (CI) index per plant is UR divided by N, accounting for the spread and the versatility of plant use. It indicates the sum of the proportion of informants that use each species. The maximum value for the CI index per species is the number of use categories (NC = 11). For the purposes of this study the CI index is used only to quantify the most important species and species types. In terms of how the variable functions in the regression formulas and other basic statistics, it is essentially identical to UR and is therefore excluded from more in-depth statistical analysis.
Quantitative factors for ethnobotanical information were recorded and uploaded digitally in the field using Microsoft Excel (Excel for Mac 2011, Version 14.0.0) . These data were then digitized and subsequently imported into the statistical package R, version 2.15.1 (Copyright 2012, The R Foundation for Statistical Computing), where linear models were created with the program R "ggplot" function from the "psych" package fit to carry out regression, single stratum analysis of variance, and analysis of covariance for the response variables UR, FC, and NU and the explanatory variable conservation practices (Cons). GIS data were recorded with a Garmin eTrex handheld GPS, and maps were generated in QGIS Geographic Information System (QGIS Development Team 2013, Open Source Geospatial Foundation Project). Specific disease-related treatment 18 6%
Reproductive health for men (e.g., virility) and women (e.g., birth recovery) and fetus/newborn health 17 6%
Topical medicine (e.g., skin treatments, burns) 17 6%
Swelling and temperature-related treatments (e.g., fever) 14 5%
Problems of the head and throat (e.g., sinus infection, headache) 9 3%
Muscular and skeletal treatments (e.g., broken bones, torn muscles) 8 3%
Determination of Hmong names and spellings was made in the field and in focus groups. The Hmong author Mr.
Vang Sin Min verified all spellings along with Hmong members of SPERI, MECO-ECOTRA, and CHESH-Laos.
Results
For the purposes of this study, use reports were grouped into 11 broad categories (Table 1) . These categories are representative of responses received during interviews. The most common use was symbolic and cultural use (24% of responses), followed by use as food and treatment of internal injuries (14% each), ecological benefits of the plants (11%), and technical uses including sales (10%). Other more specific medicinal uses followed.
A total of 74 plant species were recorded, including 25 herbs (17 perennials and 8 annuals), 20 trees, 17 shrubs, 10 climbers, and 2 ferns (Appendix 1). The 16 plants with the highest CI scores are described in Table 2 by quantitative scores, botanical names, and Hmong names and include 6 trees, 4 shrubs, 4 perennial herbs, and 2 climbers. The species mentioned by the most people for the most uses (UR = 18, FC = 4, NU = 9, CI = 1.29) was Persicaria chinensis (L.) H.Gross or Chinese knotweed, a perennial herb of the Polygonaceae, found throughout tropical Asia and known by the Hmong name qaub yag.
Trees were the most important species type in Long Lan, followed by perennial herbs and shrubs, while climbers, annual herbs, and ferns played less of an important role (Table 3 ). Trees and shrubs were also the plant types for which herbalists taught the greatest number of conservation practices. The tree species found are listed below:
• Alstonia scholaris (L.) R.Br. (blackboard tree, zej kaus ntawv)-found growing up to 40 m tall in the forests of Long Lan; was used by 3 herbalists in 5 of the use categories and was important for 2 of the herbalists for cultural and spiritual uses and had 8 related conservation practices.
• Bischofia javanica Blume (Javanese bishopwood, (ntoo) qaub pluas)-found growing up to 22 m tall in the forests of Long Lan, but most commonly encountered as a sapling on field and trail edges; was taught by 4 herbalists for 6 of the use categories; 2 herbalists taught cultural and spiritual uses; it also had 2 related conservation practices.
• Bombax ceiba L. (cotton tree, ntoo yaj huab)-easily identified all over Long Lan by its large red flowers; found growing up to 40 m tall in Long Lan forests and standing alone in fields; was taught by 1 herbalist, for Basic statistics on quantitative scores for all plant species are described in Table 4 . All the variables tested had a strong positive skew, although they had low-variance in the CV statistic, i.e., a relatively low ratio of the standard deviation to the mean. In order to perform the regression analysis, this skewness was corrected through squareroot transformation, as is appropriate for count data. After transformation CV remained low-variance but decreased for FC and NU and increased for UR and Cons. Pearson's product-moment correlation (R) was then chosen as the most robust of the parametric tests for co-linearity. Kendall's rank correlation (T) was chosen over Spearman's rank correlation (Rho) for the non-parametric correlation test to deal with "ties," i.e., when both members of a pair of variables have the same ordinal value.
Correlations were highly significant for all variables, with moderate to high positive correlation (Table 5) 
Discussion
The data presented here suggest that the traditional uses for plants by Hmong herbalists are inherently beneficial to the highland forest ecosystems where they live. Furthermore, conservation practices for plant species concentrate most intensely on trees and shrubs, those plant types which are the most important to maintaining biodiversity and a healthy forest ecosystem (FAO 2011) .
This investigation was done in response to the dramatic deforestation of the Phu Soung area of Luang Prabang, Lao PDR, and the related disenfranchisement of the people who use the forests as a part of their culture and for their livelihood. It offers a first step toward a collaborative consideration of the ethnobotany and conservation status of native plants in the Phu Suong area and the role of the Hmong people of Long Lan in using and preserving these plants. The knowledge of these herbalists and their traditional customary practices are now seriously threatened and in need of more support from competent researchers, activists, policy makers, and relevant institutions.
The study worked closely with the community using a human ecology participatory approach (c.f. Hastrup & Walters 2012 , Vayda 1983 , Vayda & Walters 1999 , Walters 2008 , 2012 ) to deal with current issues and produce results that are directly relevant for agroecological practices (Altieri 1989 (Altieri , 2002 , customary laws, and forest ecosystems. All community members had a chance to participate in the work of field ethnobotany and in the process of data collection especially youth. All data were recorded in the Hmong language and stayed with the community. Early dissemination of the work was carried out through publications within the MECO-ECOTRA network and through community meetings; it was also formatted into a book with photos of the species and of the herbalists (SPERI 2013). (Anderson 1986 , 1993 , Lemoine & Vidal 1970 what is the name of this," "what is it used for"), these respondents were free to teach what they saw fit and taught largely about symbolic and cultural uses (e.g., ceremony), mostly surrounding Noj Txhooj (Noj Looj) worship. This was the most common thing to be described about a plant species.
All of the trees that were mentioned are considered threatened in the Phu Soung area. Typical conservation activities involving all of these plants included customary laws, clearing of competing vegetation, spreading seeds and seedlings, careful and beneficial harvesting practices, keeping knowledge of the plants secret, and even planting in homegardens.
Conclusion
There is an urgent need for improving the sovereignty of the Hmong people of Long Lan who are under considerable pressure to exploit their natural resources. A core question for research and for the future of Long Lan is about how traditional customary management systems will cope in relation to the rapidly changing context of Luang Prabang. Programs and efforts are needed to promote and secure livelihood and traditional practices of conservation and connection to the local ecology. There is a need for more participatory research approaches in determining the traditional knowledge and the ethnobotany of these communities to find endogenous solutions for conservation of local ecosystem biodiversity.
The data presented are a first step in understanding the ethnobotanical knowledge and practices that are the heart of the Hmong people and their sacred Noj Txhooj (Noj Looj) worship. It shows that for these Hmong herb-alists the use of plants is not simply about their utility but is a reciprocal relationship, indicative of a reverence for the forest and plants. The results of the final quantitative data analysis suggest a culture of conservation actions toward species in the Long Lan community. The data set that supports this came through an intensely participatory approach with purposive sampling initiated by the villagers and village elders. This data set gives the most in-depth information possible regarding the practices of Hmong herbalists and the traditional practices of the Hmong people.
As was stated before, a clear description of the ethnobotany and ethnoecological knowledge of Long Lan is proposed as a long-term goal for the herbalist networks and wild collectors of the region. The hope is that this work may form a foundation for, and inspire the work of, a complete list to encourage and preserve these important practices. Furthermore, with the foundation of a Farmer Field School, the strengthening of indigenous networks, and increased efforts in educating youth in the traditions and practices of Hmong ethnobotany, there may be some hope for the future of the forests of Long Lan and the Phu Soung area.
Future research
There is a need for more long-term research involving collaboration between competent botanists, interested young indigenous people, and indigenous herbalists in the field. This requires a careful balance of scientific expertise and indigenous knowledge. The herbalists are extremely knowledgeable, especially those who are aging and unable to travel far from home for the collection of species, preferring instead to go for a short walk and then back to a hut to talk about the species collected. Future investigations might also include informant recall with images and voucher specimens to better involve the oldest herbalists and attempt to have an even sample of male and female herbalists to avoid gender bias.
As was mentioned earlier, the social context of plant use in Hmong society is such that a specific herbalist has deep knowledge of very specific kinds of plants (Pake 1987 , Srithi et al. 2012a , and other villagers will go to this herbalist for treatment. This is an important methodological point relevant to ethnobotany research with the Hmong people. Future investigations should consider indepth analysis of traditional herbal treatments with specific species to determine the importance of medicinal plants to all villagers.
